Abstract. Recent applied macroeconomic research has been concerned with the effects of both labour market reforms and the delegation of monetary policy to an inflation-averse central bank as ways of improving inflation and unemployment outcomes. The experience of the UK over the recent past following the introduction of changes to the labour market in the 1980s and of inflation targeting and instrument independence for the Bank of England in the 1990s, has often been held up as illustrations of the beneficial effects of regime changes of this sort. Others have contradicted these views, including those who have drawn attention to the weakness in the empirical evidence favouring effects from labour market reforms, and others who argue that a combination of beneficial international events and monetary policy mistakes have played an important part in the U.K.'s recent successes.
Abstract. Recent applied macroeconomic research has been concerned with the effects of both labour market reforms and the delegation of monetary policy to an inflation-averse central bank as ways of improving inflation and unemployment outcomes. The experience of the UK over the recent past following the introduction of changes to the labour market in the 1980s and of inflation targeting and instrument independence for the Bank of England in the 1990s, has often been held up as illustrations of the beneficial effects of regime changes of this sort. Others have contradicted these views, including those who have drawn attention to the weakness in the empirical evidence favouring effects from labour market reforms, and others who argue that a combination of beneficial international events and monetary policy mistakes have played an important part in the U.K.'s recent successes.
We review the case for regime change from either of these sources; labour market and monetary, in an application to the U.K using an model which integrates both. The results indicate two things; the importance of allowing for the openness of the UK economy in "behavioural" econometric models of the natural rate, and the importance of allowing for policy "mistakes". Based on our analysis, we conclude that recent changes in UK monetary policy or the labour market institutions seem unlikely to have made an important contribution to the improvements in UK economic performance. Effects originating overseas appear to play an important role in unemployment changes in the U.K. Policy mistakes appear to have had important effects on inflation over the last two decades, and a proper allowance for these is needed before any firm judgements of the benefits of monetary policy delegation can be reached.
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1. Introduction.
1.1.Inflation and Unemployment in the UK.
Inflation in the U.K. over the last twenty five years has varied substantially (Figure1). It had a period of seriously high inflation period for a decade starting from the early 1970s with two distinct episodes each coinciding with a huge increase in oil prices 2 . Although this phase was brought under control towards the end of the 1980s, there followed a second -smallersurge from then until the early 1990s. Although this second phase was less serious than each of the two peaks of the first, it was nevertheless important enough for the U.K. to join the ERM in an effort to control it. 1972Q1 1973Q1 1974Q1 1975Q1 1976Q1 1977Q1 1978Q1 1979Q1 1980Q1 1981Q1 1982Q1 1983Q1 1984Q1 1985Q1 1986Q1 1987Q1 1988Q1 1989Q1 1990Q1 1991Q1 1992Q1 1993Q1 1994Q1 1995Q1 1996Q1 1997Q1 1998Q1 1999Q1 2000Q1 2001Q1 2002Q1 2003Q1 2004Q1 2005Q1 2006Q1 2007Q1 Per cent per annum
From the date of its departure from the ERM, inflation, growth and unemployment have been unusually good by U.K. standards although, as Figure 2 shows, it was not until 1997 that unemployment fell to the level it reached before the U.K. joined the ERM. 2 The inflationary increases of 1979-80 were also acerbated by the switch from direct to indirect tax in the Budget. Further detail is given in section 5.2.4 1972Q2 1973Q3 1974Q4 1976Q1 1977Q2 1978Q3 1979Q4 1981Q1 1982Q2 1983Q3 1984Q4 1986Q1 1987Q2 1988Q3 1989Q4 1991Q1 1992Q2 1993Q3 1994Q4 1996Q1 1997Q2 1998Q3 1999Q4 2001Q1 2002Q2 2003Q3 2004Q4 2006Q1 Per cent
Starting in 1992, monetary policy has been based on inflation targeting and, from 1997, the Bank of England (BoE) was delegated to set interest rates in pursuit of a preset inflation target. (See BoE (2007) for details). These changes have been heralded as decisive in achieving simultaneously low inflation and unemployment over the last fifteen years both in official circles ( Balls and O' Donnell(2002) and BoE (2007)) and elsewhere (Cechetti (2000) ). But, in a large U.S. literature focussed on testing for structural change in monetary policy, other explanations of improved inflation and growth performance have been suggested. Thus the importance of "good luck" -unusually benevolent world economic developments -has been cited, and yet other U.S. research has emphasised policy mistakes, mainly due to uncertainties about the rate of productive potential and the natural rate(references to these and other parts of the U.S. literature are found in section 2 below).
Neither of these issues has received much attention in the U.K. However, in the U.K. there has been an even longer standing debate on the possibility that there has been a decline in the U.K. NAIRU due to labour market reforms in the 1980s. These reforms were largely industrial relations changes to closed shop arrangements and to procedures for settling industrial disputes, for example, but also included changes to the availability and duration of income out of work. Added to this set of possible alternatives another which has recently surfaced in the U.K. attributes an important and continuing effect on inflation and growth to the U.K.'s membership of the ERM in 1989 -1992 . (See Budd (2004 ).
This chapter is directed at assessing some of these alternative explanations for the changes in inflation and unemployment in the U.K since the early 1980s. It proceeds by bringing together what have hitherto been treated as two distinct-and largely separate-possibilities for regime change; that the 1980s' labour market reforms had significant effects on unemployment, and the possibility that important effects on inflation and unemployment followed from switching to inflation targeting and central bank independence. The first of these two possible sources of regime change refers to a large "Shocks versus Institutions"
literature (see Blanchard and Wolfers (2000) amongst others). The other relies on the pioneering research by Sargent (1999) unemployment. Once this extension is made to the policy model, it is found that resulting optimal inflation solutions from it conform to the broad pattern of changes to inflation observed over the last 25 years or so without appealing to any regime change. As is evident in this account, the break point for possible labour market regime changes is the early 1980s, and monetary policy regime change is taken to be from the end of 1992 since, as is evident from references listed later, these are the alleged break points in most of the labour market and monetary policy debates in the U.K. Hence, we do not attempt any sort of estimation and inference about likely break dates, which is an important, but separate, topic to what is presented here. 
A Baseline NKPM
It is helpful pedagogically, to relate the principal papers referred to later to a "baseline "New
Keynesian Policy Model (NKPM) since they can often be viewed either as a form of complete NKPM or as single equations from it, such as the Aggregate Supply (AS) or the policy rule for interest rates (the "Taylor Rule"). The aggregate demand equation has received less attention in the literature, and that is the line adopted here. 4 The example below is the closed economy model found in Henry and Pagan (2004) . This baseline NKPM is given by equations (1) -(3), and micro foundations of these equations are discussed in, inter-alia, Svensson (2000) . (3)) is a simple form of policy rule for interest rates (r) which is shown as depending on deviations of expected inflation from target and the output gap 5 . A significant difference in practice is how this is treated. First, it may be explicitly derived by optimising a dynamic objective function depending on government macreconomic objectives (inflation and output deviations from their equilibrium levels) subject to the constraints given by the model above, as in Ball (1997) and as in the models in sections 3 and 5 later, for example. But, most often the policy rule is taken to as simply a reasonable description of the authority's behaviour and is estimated. Substantial problems can arise when these are estimated however, and some of these discussed next in a short review of U.S. literature.
4 But see Kara and Nelson (2004) for an example. 5 In what follows expectations are taken to be conditional on information available at period t.
Evidence for and against Monetary Regime Change in the U.S.
Under the heading of "the Great Moderation" considerable effort has been directed at finding possible explanations of the marked reduction in the volatility of inflation and output in the U.S.. (BoE (2007) draws attention to similar developments in the U.K.). It is probably fair to say that the results of this has been inconclusive, with some papers finding evidence for regime change in monetary policy whilst others have reported equally strong findings against.
In part, this reflects different modelling approaches, as we illustrate immediately below.
There are now many examples of single equation estimates of both NKPCs and interest rate policy rules both of which are directed at detecting changes in the effectiveness of monetary policy. They mainly assume that expectations are formed rationally. In the research on the NKPC, a major interest has been whether the degree to which the equation is forward looking has increased. It is largely unresolved. Thus, for example, using marginal costs rather than output gaps as the driving variable in the equation, Rudd and Whelan (2001) argue for the unimportance of forward-looking terms. In turn Gali, Gertler and Lopez-Salido (2003) rebut this by observing that Rudd and Whelan use incorrect weights in forming the required forward-looking terms. Turning to the estimated policy reaction function (i.e. the estimated version of (3) above)), this has typically been of the form t t t n t t r x r ε ρ γ ρ βπ ρ α ρ
where allowance is made for interest rate smoothing with a weight of ρ , the weights on inflation and output deviations from target are β and γ respectively and t x is the deviation of output from target. Henry and Pagan (op.cit) draw attention to a problem of the interpretation of such equations when they are used to infer what central bank's behaviour has
been. An example of such an interpretation is found in Clarida, Gali and Gertler (2000) . Much of the research described so far, particularly that in section 2.2., has used the Rational Expectations Hypothesis. But there is a burgeoning literature, which again is largely found in applications to the U.S., which emphasises uncertainty about the effects of regime change, transmission mechanisms and shocks hitting the economy.
Among the alternative approaches under this heading, the first is the argument primarily associated with Sargent (1999) emphasising changes in government's beliefs as central to inflation and unemployment behaviour. In this approach as in the rest of the literature reviewed here, information is assumed to be "symmetric between private and public sectors, with neither side having an informational advantage 9 . In the Sargent (op-cit) model, the crucial assumption is that the authorities learn about the "true" economy over time. (This model is discussed more fully in section 3 below). An emphasis on more general forms of uncertainty is found in the important work by Orphanides and associates on the effects of uncertain natural rates of unemployment as in Orphanides (2001) and (2002) and Orphanides and Williams (2006) . A related development has considered the effects of uncertain rates of technical progress, including work on the effects of technology shocks on monetary policy performance, an example of which is given in Gali, Lopez-Salido and Valles (2002) . Much of this line of analysis comes broadly under the "policy mistakes" heading. Lastly, there is the "bad luck" view, which figured in the previous section, and which argues that it was the volatility of exogenous, non-policy, shocks that were primarily responsible for the high volatility of inflation and growth in the 1970s and subsequent falls in these exogenous shocks that were responsible for the improved US performance in later decades. The paper by Stock and Watson (2002) , reviewed above, is an example of this, though it is also emphasised by Sims and Zha (2006) , among others.
The Effects of Openness.
It is also the case that the openness of the economy has become a major preoccupation in macroeconomics in general, and this is reflected in recent research on the NKPM where there has been very considerable debate about the effects of changes in the nominal exchange rate
and their "pass-through" into domestic inflation, and this debate continues. At one end of the spectrum comes the so-called "isomorphism" described by Clarida, Gali and Gertler (2001) , 3. Beliefs and Monetary Policy.
Motivation
A brief outline of Sargent (1999) other studies is that, even where the Phillips Curve is taken to be static, the model dynamics due to learning reveal a tendency for the economy to settle in a high inflation equilibrium regime from which it occasionally "escapes" to occupy a low inflation one. These "escapes", in turn, depend on an unusual sequence of shocks which move the economy from a suboptimal high inflation, but time-consistent (Nash) strategy, based on the mispecified view of the Phillips Curve, to the neighbourhood of the low inflation optimal time-inconsistent strategy based on the "true" Phillips Curve. Further analysis identifying the shocks which lead to "escapes" is found in Cho, Williams and Sargent (2002) 
A Basic Learning Model of Monetary Policy.
The example of the learning model of monetary policy given below is a closed economy one.
Open economy issues are developed in sections 4 and are used in the extension to the model in section 5. From here on, the approach will be referred to as the Beliefs model. The methodology of the Beliefs model is broadly in line with calibration exercises which posit an AS equation and an assumed government objective function defined over unemployment and inflation which is then optimised using the systematic part of inflation as the control variable 10 . It is thus a numerical optimal control exercise, the added complication being that the authorities are assumed to have a mispecified Phillips Curve, but update their estimate of this according to a recursive updating procedure. Sargent (1999) and Cho et al (2003) describe a number of different dynamic versions of their Beliefs model but it is the one which assumes a static Phillips Curve that will be used to motivate what follows 11 . The basic building block is a government characterised as setting monetary policy dependent upon (their) approximating (i.e., mispecified) model of the economy, which is a non-expectational Phillips Curve. The true data generating mechanism, in contrast is taken to be a vertical expectational Phillips Curve in which the natural rate is assumed to be given 12 . This actual or "true" model of the economy used is
Equation (6) is a natural rate Phillips Curve (with u* being the natural rate), and equation (7) shows that actual inflation is then a systematic part ( t πˆ) set by government, together with a random term t 2 υ 13 . To obtain the policy rule for t πˆ, the model assumes that the authorities have a perceived (mispecified) Phillips Curve of the simple linear form, using t πˆas the control variable, subject to the authority's misspecified view of the Phillips Curve, equation (8) above, and equation (7). Assuming that, in each period, the government believes its current estimate of the Phillips Curve is correct, the optimisation problem is also a static one, with the time-varying control rule
In the cited applications it is assumed that these parameters are updated sequentially using recursive least-squares with constant gain. As noted above, the optimization proceeds by assuming that, in each period. the government treats that period's uncertain parameters as if they were true and optimizes subject to that assumption. Tetlow and von zur Muehlen (2001) review this point and find that the properties of the Beliefs model are robust to wider classes of uncertainty.
Unlike the AS equation (1) in the "Baseline" NKPM above, this one uses a static Phillips Curve, both for the "actual" (6) and the "perceived" one (8) where, in each, unemployment is the dependant variable and the "actual" Phillips Curve is built on the assumption of a fixed natural rate, from which only inflation surprises produce temporary deviations. Dynamics enter through the distinction between these two Phillips Curves, coupled with the crucial assumption of "learning" about the parameters of the perceived Phillips Curve using recursive estimation. 14 In this example, these are defined by the equations
where t γ is the column vector
measures the rate at which past information is discounted. t P is the 2X2 precision matrix.
An important property of the model is that it depicts the government as pessimistic about the unemployment level needed to reduce inflation, but optimistic about the effect of higher inflation in reducing unemployment; they tend, therefore, to continue to pursue a high inflation policy which is the basis of the Self Confirming Equilibrium (SCE) property of the model. 15 However, solutions of the model show that, even when the government is making this assumption, the time path of inflation can undergo abrupt changes, suddenly dropping from high rates to sustained low rates of inflation. Crucially, in this model this happens only because there is a special sequence of shocks which shifts the economy from the SCE of the Nash solution. These dynamics are a highly original way to use this model, with its underlying assumption of a fixed natural rate and a static Phillips Curve to account for the 14 There are some differences in the precise methods used in the literature. Primiceri (2005) for example uses Kalman filtering. 15 See Ellison and Yates (2006) for the links between the model's mean dynamics, their stability conditions and the SCE.
onset of periods of low inflation, and are defined as the most likely path that (government) beliefs will take if they deviate from their mean dynamics in a significant way 16 .
Two recent extensions to Sargent's model are related to the application reported later in section 5. Each alters what is taken to be the "true" Phillips Curve used above by including further exogenous variables in it. In the first, Ellison and Yates (2006) extend the model to allow for an additional shock which, however, the government is assumed to perceive correctly. The second, by McGough (2005) , is closer to the general procedure we follow. He extends the model of the natural rate to allow an effect from real oil prices (OIL), so that equation (6) is modified as;
In this model, the government's approximating model does not have the "true" parameter on this OIL variable so is
Hence the assumption is that the government believes that real oil prices may affect the level of unemployment but is unsure of what the size of this effect is. A related model to this is described and applied to the UK in Section 5.
Long-Run Unemployment; Evidence from Wage and Price Equations.
In section 5 below, the baseline Beliefs model set out in section 3 is extended by embedding in it a long-run unemployment equation estimated, using cointegration, on U.K quarterly data.
This will be our version of "actual" unemployment (equation (6) . 16 To establish them a further optimal control problem is used where mean dynamics are perturbed and a weighting function is used that measures the likelihood of the shocks needed to perturb beliefs. For details of this see Cho et al (2003) . 17 Section 5 discusses how the "inflation surprise " term is included in the model. To make the present study comparable with existing research, the model of wage and price determination used here starts from the model described in Layard et al (2005) and Nickell 
This shows that in the long run (where unemployment is not changing) unemployment depends on w z and p z ; the "push" or driving variables in the underlying wage and price equations respectively. Details on the components of each of these "push" variables are discussed next.
From this point on, the approach is to review the empirical role of each of a large set of wage to home prices) as determinants of domestic prices (Herzberg, Kapetanios and Price (2003) ).
Also an empirical (ad-hoc) effect has also been found for real oil prices (Batini et. al (2006) ) 20 .
An Empirical Assessment of the Wage and Price Push Variables.
Empirical results using sets of the dozen or so contending variables in long run unemployment equations are reviewed in the rest of this section. In all cases the data is for the U.K., and is defined in a short appendix to this chapter. The section starts with a summary of earlier findings by Henry and Nixon (2000) and , which both found that the case for using the wage "push" variables listed in the previous section was rejectable in terms of standard statistical criteria. These findings are summarised next and, since this is in the nature of a critique of previous research, uses a sample of quarterly data 1964Q4 to 1992Q4; the sample used by Nickell (1998) , one of the leading proponents of the wage pressure approach. Following that, the case for using "push" variables from the pricing side is summarised and this uses a sample of quarterly data from 1980Q1 to 2005Q1 as this is the period over which a monetary policy regime change is alleged to have happened, and so is the period the application in section 5 is concerned with.
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The argument of the remainder of this section is that, via a process of testing for parameter stability, weak exogeneity and using the concept of a minimal set of cointegrating variables, it is possible to arrive at a parsimonious model of long-run unemployment.
The Wage Push Variables.
Much existing empirical research on long-run unemployment in the UK has emphasised wage "push" variables ( w z in (17)) only; in effect treating the driving variables in the price equation as zero. This set of wage "push" variables has used up to seven separate regressors from the 
Two estimation methods have been used to test the wage "push" thesis; long run equations which are solutions of Auto-Regressive Distributed Lag (ARDL) equations as in Nickell and Bell (1995) and Nickell (1998) , and estimates of a cointegrating equation using Johansen's Maximum Likelihood (M-L) method as in Nickell and Bell (1995 which, as discussed later, they are not. However, the problems with the model are not simply due to ARDL estimation, and the difficulty of treating the equation (18) as a long-run unemployment equation are not resolved by using an alternative such as the Johansen M-L method to estimate a single cointegrating vector, normalised on unemployment, which is then treated as "the" unemployment relationship as in Nickell and Bell (op-cit) . We review problems with the use of Johansen estimation with this data set next. The purpose of this is not estimation, but to describe what would be required to estimate (18) so that it had a behavioural interpretation. This review, incidentally, provides on explanation for the parameter instability noted in Table 1 .
As the data is mainly are non-stationary (see below), the dynamic model underlying equation (18) can be written as a Vector Error Correction Model (VECM), with eight equations, one for each of the variables in (18), as illustrated next.
Here z is a column vector of n variables, n being the eight variables (including the unemployment rate) from equation (18).
are a set of (8X8) matrices of parameters on the dynamic terms of the model, where the preset lag length of the model is p .
Attention is focussed on the long-run part of the VECM where γ and α ′ are the loading weights and cointegrating vectors respectively and γ is nXr to reflect the reduced rank of the system, where it is implicitly assumed that there are r, r<n, cointegrating vectors in the model and t ε is a vector of white noise error terms, with
Tests of orders of integration of the eight variables reported in the Appendix Table 1 reveal that one, IT, is I(0) while the others are I(1). In this set there appears to be 3 cointegrating vectors (r ≤ 3 , Tr =75.2 (75.9)), but the asymptotic LR test gives 84.2(76.1)). Tests of Weak causality show that only the terms of trade (TT) and the tax wedge (T) are weakly exogenous.
(Appendix, Table 2 ). (See Hendry (1995) for an overview of this decomposition, and the Wald test on the parameters of the loading matrix is described in Hall and Wickens (1993) ).
In the light of these first-stage results on orders of integration and exogeneity tests, the (18) were successfully upheld. Then, estimates of the structural disturbances for the model for which the VECM (19) is the reduced-form, could be estimated as shown by Wickens and Motto (op-cit) . That is, the responses of unemployment to structural shocks i.e. , where B is the matrix of contemporaneous coefficients in the structural model underlying (19), could be estimated 26 .
In the light of the earlier results on weak exogeneity, such overidentifying restrictions on the loading matrix, in particular, are unlikely to hold.
Hence, the status of single-equation estimates of (18) such as given in Nickell (1998) for example, and repeated as the first equation in Table 1 above, is then unclear. It is hard to treat it simply as "the"long-run unemployment equation as claimed. Rather, it appears to be seems part of a fuller dynamic system which involves equations which could be interpreted as determining the real interest rate, movements in skill shortages and the union-non union wage markup, amongst other things.
The purpose of this last exercise is not to suggest estimation of the full system underlying (19) as the way ahead to resolve this issue. Instead it highlights the dangers of using large sets of potentially I(1), and possibly jointly endogenous, variables if the intention is to estimate a single equation for long-run unemployment. Thus, one important conclusion from this exercise is to emphasise the importance of the approach by Davidson (1998) In what follows, a simpler alternative is proposed which places emphasis on external factors in accounting for the changes in unemployment over the last 25 years.
The Price Push Variables.
The long-run, or equilibrium, pricing equation which underlies most recent studies on the NKPC is (23) where Lt s is the labour share. An extension is where technology is not restricted to be CobbDouglas, and it may be shown that real marginal cost is then affected by the real price of imports,(RPM). (see Bentolila and Saint-Paul(1999) ). In turn, a long-run "equilibrium "price can de defined as (2000) and Boivin and Giannini (2003) ). Also the real exchange rate (RXR) has been used in the wage equation on grounds of capturing real wage resistance effects (Nickell (1988) ), as well as being a way of extending the standard model to allow for internal and external balance. (see Layard, Nickell and Jackman (1991) and (2005)). The strategy adopted here is to take the set of possible determinants of unemployment from equation (24) (2007)). 27 Full data definitions are given in Appendix 2. 28 Parsimony is based on the concept of a minimal cointegrating vector introduced by Davidson (1998) The minimal cointegrating set selected is then 
The Model.
The econometric model of long-run unemployment (equation (25)) is taken to represent the "actual" model of the economy but, when solving the model, this is amended to conform more closely to equations used so far in this literature. Thus, the "actual"equation is as shown next,
where 1 W = OIL and 2 W = COM, and the variable * * u is the long-run level of unemployment that obtains in the absence of effects from the external economy and inflation surprises. The cointegrating equation derived in section 4 (equation (25)), is thus taken to be (26) 
which gives actual inflation as the systematic part of inflation, t πˆ set by the authorities by optimising (9) subject to their "approximating" unemployment model of the economy (28). As is evident, it is assumed in the "approximating" model that the authorities know that unemployment is affected by a set of exogenous variables but have a misspecified form of their effect. As written, (28) assumes -as in the Sargent model -that the authorities also have a mistaken belief in an exploitable trade-off between inflation and unemployment. As is clear, the time-varying parameters of (25) are (
), which are again assumed to be updated using standard constant-gain recursive least squares formulae,
1 π ), and t P is now (4X4).
With this set-up, the solution giving the authorities' optimal setting of the control variable t π is,
In the remainder of this section, optimal control solutions of the model given by equations (9) and (26) to (31) are described, and possible interpretations of these are advanced as we proceed.
5.2
Some Model Implications.
Model Solutions.
Sargent's (1999) model is recursive and is solved given initial values of the natural rate (U*) (assumed constant), the government's discount rate, the parameter on inflation surprises in the actual Phillips Curve (θ ) and the variances of the two error processes in the model.
These parameters are assigned the values; 5(percent) for the natural rate, 0.98 for the discount rate, -1 for θ and the variances of the errors are each taken to be 0.3. The dynamic solutions are done over 400 and 1000 periods, and it is in the latter that the escapes are a prominent δ are required and are set at -0.6, -0.9, 2.0 and 30 We have also conducted long solutions of the same order as other studies, and these show the same sort of repeated escapes as reported by Sargent (1999) and McGough (2006) for example.
10.0 respectively. 31 In each solution, the discount rate is set at unity, θ is minus unity and the gain parameter in the updating equations is fixed at 0.0275 to ensure comparability across the solutions. Stochastic solutions are generated by additive drawings from standard normal distributions. The present exercise is a Beliefs model, but one in which mistakes by the authorities about the evolution of the natural rate as well as a belief in an inflation-unemployment trade-off each can account for inflation dynamics 33 .
In Figure 3 below the authorities are depicted as under-estimating the worsening in the natural rate caused by external shocks, and relying on their mistaken view about the quantitative impact of these external shocks on unemployment (equation (28)), so adopting a looser monetary policy than required. They attempt to correct this mistake, depending upon the assumed updating equations; monetary policy is tightened, so bringing down inflation.
This updating of beliefs about the capacity in the economy and the consequent reductions in inflation, are broadly characterised in the dynamic solution as reductions in inflation over the first four to five years, thereafter it rises modestly before falling again.
31 Al-Eyd et al (2007) review some issues of the robustness of the findings with respect to these settings. 32 For t v 2 the variance is scaled by the estimated variance of the acceleration in inflation over the period.
33 Arguably U.K. governments at this time did not subscribe to the view that there was a trade-off. The adoption of a Medium Term Financial Strategy (MTFS) by the government in 1979 included a central assumption of a vertical Phillips Curve. In spite of this, the model uses the assumption that government believes in a trade-off since, in practice, the government may have continued to act as if there was a trade-off in using the threat of higher unemployment consequences if "excessive" pay demands were accepted. Figure 4 . The result is an erratic and significant increase in inflation. A plausible interpretation of this solution is that it represents the effects of an overoptimistic view that the natural rate has fallen or, equivalently, that the trend rate of productivity growth in the economy has risen. The practical relevance of this in interpreting economic events at the end of the 1980s is outlined in the following section. In keeping with this branch of the Beliefs literature, the main features of dynamic solutions for inflation just given are related to events in the U.K. economy since the 1980s. Thus starting with beginning of the 1980s U.K. output, unemployment and inflation were dramatically worsened by the 1979 oil price shock but the effects of this were compounded by a significant switch in the 1980 budget to lower direct tax rates aiming to offset this with increases in excise tax, Petroleum Revenue tax and increases in VAT. The policy philosophy for control of inflation at this time was governed by the Medium Term Financial Strategy (MTFS) which was, in turn, predicated on targets for a wide monetary aggregate (£M3) and the (mistaken) belief in a predicable relation between changes in the monetary aggregate and inflation. The interpretation of these events offered here is that, because of its adherence to the MTFS, particularly its assumption that the natural rate was a given, the government expected the effect of the external shock to oil prices on unemployment to be smaller and shorter-lived than it was. In the event, it was not until 1986 that unemployment began to fall significantly. Inflation fell more quickly, and by 1983 was down to 3-4%. The numerical solution of the model shown in Figure 3 is consistent with the events of the first half of the 1980s, and suggests that this can be seen as a high inflation outturn due to the authority's mistaken belief about the natural rate.. But, given the assumptions about the authorities learning of their mistake, inflation falls to a relatively low rate after about three-four years 34 .
However, inflation rose markedly again at the end of the 1980s decade. The argument advanced here is that this further bout of higher inflation was due to yet a further mistake by the authorities, this time about the probable trend rate of growth of productive potential in the economy. This assumption in keeping with the view that a lower natural rate was to be expected following the "supply-side" changes introduced by the government in the first part of the1980s. The assessment of the evidence summarised in section 4 is that these alleged effects did not happen. But, official estimates of whole economy output per head show that in the period 1985-1988 this was estimated to be at a rate of 3.25%, up from the 2% rate of 34 In this account, we are deliberately ignoring other transmission effects of oil price changes on inflation. This is in line with our treatment of these real shocks as impinging on unemployment only. But the partial nature of the account provided, should be borne in mind throughout what follows. 35 The 3.25% for this period was partly a forecast. 36 A related issue is the effects of technology shocks on the performance on monetary policy. Recent US research has been directed to at this issue too (see for example Gali, Lopez-Salido and Valles (2002) ).
6. Conclusions and Proposals for Future Work.
Evidently, both the empirical and the more theoretical material described in this chapter are limited. Thus, although we have sought to extend the policy model to allow for external (international) effects, in practice these are restricted to having such effects on the evolution of the natural rate only. More direct transmissions of international changes in real commodity prices or international structural changes ( "globalisation") onto U.K. import price or consumer price inflation, for example, have been ignored and extensions to include some of these developments is an urgent priority. The quantitative effects of future real oil price increases is another crucial area, with many arguing that future effects will not have the severe consequences that the previous oil price increases had on the international economy 37 .
In equal measure, the theoretical model used here is clearly a limited one, and extensions to Where it departs from the Sargent approach, which pioneered this research, is most obvious in its treatment of the evolution of the natural rate, where we have sought to combine his insights into the importance of the authorities "learning" with the ongoing controversy in the U.K. about the determinants of the long-run movement in unemployment. On this latter point, our emphasis is on exogenous (and largely international) determinants of unemployment, against the prevailing model which places heavy emphasis on domestic labour supply-side factors such as income out of work and union strength. The argument in favour of our alternative is largely evidence based; the standard model appears to fail conventional statistical tests, mainly because its putative determinants of unemployment 37 For an alternative view, however, see Nordhaus (2007) would be consistent with little or no change in unemployment in the 1980s as compared with the 1960s when in fact actual unemployment rose substantially over this period.
Embedding this empirical model of long-run unemployment in a version of the Sargent model of monetary policy with learning, we suggest, illuminates the sequence of changes in inflation over the last 25years, a part of which can be accounted for by the evolution of the natural rate on the one hand and "misperceptions" of it by the authorities on the other. It portrays the decline in inflation by the mid 1980s as being a slow recovery from the oil price induced inflation peak of 1979-80 as the authorities learned that the natural rate had increased in contrast to their initial view that it had not. Inflation then fell back to reach quite low rates towards the end of the 1980s, so the next interpretive problem is to account for the rise in inflation at the end of the 1980s and early 1990s. In our account, this is portrayed as a further "policy mistake" as the so-called "Lawson boom" of the late 1980s was predicated on a perceived, but mistaken, increase in the economy's productivity trend 38 . We show that such a misperception of a decrease in the natural rate can indeed lead to hikes in the inflation rate. In this light, the subsequent U.K. membership of the ERM can be seen as an attempt at reducing inflation by importing credibility. 39 Broadly speaking, this interpretation agrees in some measure with the conclusion reached by Budd (2004) that ERM membership contributed in an important way to the U.K.'s inflation and unemployment record post membership.
According to the analysis here, the major movements in unemployment and inflation in the U.K., heralded by some as due to the regime of inflation targeting and central bank independence can, at best, be only part of the story. The analysis given earlier suggests that a mixture of external shocks and a slow process of recognition of the effects of these by the authorities may also have played an important part in the evolution of U.K. inflation.
Occasionally too, the economy is diverted by policy mistakes such as our interpretation of the effects of the "Lawson boom" illustrates, and this conclusion concurs with much of the explanation of U.S. behaviour given by Orphanides ( ( 2001) and (2002)) and Primiceri (2005) . 38 It also involved great uncertainty about the measurement of the growth rates of the three measures of GDP at the time, though this plays no part in the analysis we give. 39 The argument at the time was that membership could reduce inflation at reduced unemployment cost due to the credibility gains inherent in "tying one's hands" -essentially the benefits of importing anti-inflation credibility from a then low inflation central bank (the Budesbank). As unemployment rose to over 10% by 1992 and only reached its pre-entry rate by 1997 it is not clear that, in practice, these benefits actually accrued to the UK.
Appendices. Notes; The first two cols are for levels, the second two for first differences (ADF followed by ADF(4)in each case , where s is the import share in GDP and m P is the import price index for the UK, and P* the unit value index of manufacturing exports in sterling 40 . (2). UP. The log of the union/non union mark-up, where the mark-up is a derived series as estimated in Layard et al ((1978) . (3). RR. The replacement Ratio (percentage) using a weighted average of different family types. (4). T. This is the Tax Wedge defined as the sum of the employment tax on firms, the aggregate direct tax rate and an aggregate indirect tax rate. (5). Skill. This variable is a measure of skill shortages faced by employers, derived from the CBI Industrial Trends Survey. It is the ratio of responses to the questions (i) Limits on output due to skill labour shortage. (ii) Limits on output due to other labour shortage. (6) IT. Industrial Turbulence, defined as the absolute change in the proportion of employees in production industries as a proportion of total employees in employment. 
Unemployment (u ). ILO definition.
Real Oil price (OIL). Brent spot price less the GDP deflator. Real International prices (COM). Effective export prices for the G7 less GDP deflator Real Import Prices (RPM). Implicit price deflator for total imports less the GDP deflator Source; National Institute Data base. 40 For sources of all the variables see the references to Nickell (1998) below.
